The hemoglobin A1C (HbA1C) assay has become the gold-standard measurement of chronic glycaemia for over two decades. It provides an average blood glucose level during the preceding 10 -12 weeks. Its close association with risk for long-term complications, established in epidemiologic studies and clinical trials, has resulted in clinicians using HbA1C test results to guide their treatment decisions, and thus the assay has become the cornerstone of clinical practice. This brief review describes some important facts about HbA1C and its relevance and usefulness in clinical practice.
Introduction
Diabetes has been diagnosed for decades with the measurement of plasma glucose, either fasting (FPG) or post prandial (PPG) assessment or, much less frequently, with an oral glucose tolerance test (OGTT) (1) . Fasting and 2-h OGTT only reflect the glucose level at a given moment of a single day and is not good in describing a chronic and complex clinical condition. The hemoglobin A1C (HbA1C) measurement, a biochemical parameter which could reflect hyperglycemia over a long period is more appropriate than a parameter describing it in the short term or in a given moment only (2, 3) . Today the HbA1C assay is widely accepted and used as the most reliable means of assessing chronic glycaemia and has become the cornerstone for the assessment of diabetes care.
HbA1C -an indicator of chronic glycaemia
It has been shown that HbA1C provides an average blood glucose level during preceding 10 -12 weeks. But HbA1C truly does not reflect glycemic control over last three months as claimed. Rather, it is weighted to more recent weeks. The average glycaemia during the month preceding the HbA1C measurement contributes 50% of the result, during the 30-60 days prior to the HbA1C measurement contributes another 25%, and during the 60-120 days prior to the measurement contributes the final 25% (4).
The fasting blood glucose as well as post meal glucose excursions contribute to HbA1C levels. Post meal blood glucose contributes significantly when HbA1C is <7.5%. On the other hand, fasting blood glucose contributes more when HbA1C is >7.5% (5) .
Diagnosing diabetes with HbA1C
The close association of HbA1c with risk for longterm complications has been well established in epidemiologic studies and clinical trials. The Diabetes Control and Complications Trial (DCCT) and the United Kingdom Prospective Diabetes Study (UKPDS) demonstrated conclusively that risks for complications are related directly to glycemic control, as measured by HbA1C (6, 7) . DCCT study documented that maintaining lower blood glucose concentrations (assessed by HbA1C) resulted in a delayed onset and reduced the rate of progression of microvascular complications. Analogous to the DCCT, the UKPDS showed that intensive blood glucose control reduced the risk of microvascular complications. Both the UKPDS and DCCT documented that a small change in HbA1C values translates into a large alteration in the risk of diabetes complications in patients with type 1 or type 2 diabetes (6, 7) .
This has led to the establishment of specific HbA1C targets for diabetes care with the goal of preventing or delaying the development of long-term complications. The major objective of diagnosing diabetes is to prevent premature mortality and complication-related morbidity. Therefore it seems logical to consider diagnosis in terms of risk of complications. American Diabetes Association (ADA)-organized international expert committee in 2010 recommended the adoption of the HbA1C assay for the diagnosis of diabetes at a cut point of 6.5% (8) . This cut point was primarily derived from a review of studies that examined the association of HbA1C values with incident retinopathy. Retinopathy was chosen as the ultimate criterion because it is among the main complications of diabetes. Vol.3, No.2, August 2013
HbA1C and diabetes -an overview
World Health Organization (WHO) in 2011 officially recommended HbA1C testing for the diagnosis and monitoring of diabetes. They recommend that HbA1C can be used as a diagnostic test for diabetes providing that stringent quality assurance tests are in place and assays are standardized to criteria aligned to the international reference values, and there are no conditions present which preclude its accurate measurement (9, 10) .
Standardization of HbA1C levels
Currently there are several methods available to measure glycated hemoglobin, and it is of utmost importance that these methods are standardized to report the same result for a single blood sample. The American Association for Clinical Chemistry (AACC) established a committee in 1993 to standardize GHB/HbA1C results so that clinical laboratory results are comparable to those reported by the DCCT and UKPDS, which established direct relationships between HbA1C concentrations and outcome risks in patients with diabetes. Three years later the National Glycohemoglobin Standardization Program (NGSP) was established to execute the protocol developed by the AACC committee (11, 12) . The ADA recommends that laboratories use only HbA1C assays that are certified by NGSP as traceable to the DCCT reference. These assays are listed on the NGSP website (http://www.ngsp.org) and are updated at least annually.
The International Federation of Clinical Chemistry and Laboratory Medicine (IFCC) in 1995 developed a true reference method for HbA1C which is known as IFCC standardization. The IFCC reference method is technically demanding, time consuming, and very expensive and is not designed for routine analysis of patient samples. IFCC measurement is too specific as it only measures one molecular species of HbA1C: thus, non-HbA1C components are not included in final results. Therefore it was found that HbA1C values obtained by using IFCC method are 1.5 to 2 percentage points lower than the NGSP results traced to DCCT (13) . To overcome this problem a "master equation" was developed to formulize the relationship between the IFCC reference method and the NGSP. The master equation allows for the conversion of the IFCC results to more customary HbA1c results (14) .
In 2007, the IFCC recommended that HbA1C results be expressed as mmol HbA1c/mol Hb instead of an HbA1C percentage. To eliminate confusion on reporting of HbA1C, ADA, IDF and IFCC jointly issued a consensus statement in May 2007 which states that, HbA1C results were to be reported worldwide in IFCC units (mmol glycated Hb /mol total Hb) and derived NGSP units (%), using the IFCCNGSP master equation (15) . 
Correspondence article
ultimately be based on the capacity for benefit as shown in clinical trials. Findings from various studies suggest that HbA1C range of 5.5 and 6.5% will capture a large portion of people at high risk, and if interventions can be employed to this target population, it may bring about significant absolute risk reduction (21, 22) . ADA recommends that patients with HbA1C of 5.7-6.4% should be referred for lifestyle modifications with or without metformin to prevent the development of diabetes in these patients (1) .
Conclusion
HbA1C has achieved importance in diabetes because of its value in the evaluation of glucose control and its relation to long-term microvascular complications. The utility and convenience of HbA1C compared with plasma glucose for the diagnosis and management of diabetes has to be weighed against the fact that it is not readily available in many countries and the cost remains unaffordable to most of our patients. Inaccuracies in measurement and poor standardization of HbA1C assays are still a common problem, even in western countries. Therefore it should be used in the management of diabetes only if the assays are standardized to criteria aligned to the international reference values.
Correlation of HbA1C with average glucose
ADA and the American Association of Clinical Chemists (AACC) have published the correlation between HbA1C levels and mean plasma glucose levels based on data from the international A1C-Derived Average Glucose (ADAG) trial. ADAG trial utilizes frequent patient selfmonitoring of blood glucose (SMBG) and continuous glucose monitoring (CGM) in 507 adults (83% Caucasian) with type 1, type 2, and no diabetes. Correlation(r) of 0.92 is considered strong enough to justify reporting both an A1C result and an estimated average glucose result when a clinician orders the HbA1C test (19) . For patients in whom HbA1C and measured blood glucose appear discrepant, the possibilities of hemoglobinopathy or altered red cell turnover should be considered ( Table 2 ). Clinicians should also use the options of more frequent and different timing of SMBG or use of CGM. Other measures of chronic glycemia such as fructosamine are available, but their linkage to average glucose and their prognostic significance are not as clear as is the case for HbA1C (19, 20) . A calculator for converting HbA1C results into mean plasma glucose is available at http//professional.diabetes.org 
HbA1C level and future risk of diabetes
Systematic review of various prospective studies confirms a strong, continuous association between HbA1C and subsequent diabetes risk. Persons with an HbA1C value of ≥6.0% have a very high risk of developing clinically defined diabetes in the near future with 5-year risks ranging from 25 to 50% and relative risks frequently 20 times higher compared with HbA1C <5%. However, persons with an HbA1C between 5.5 and 6.0% also have a substantially increased risk of diabetes with 5-year incidences ranging from 9 to 25%. The ideal decision about what HbA1C cut point is used for intervention should
